The realization that p-aminobenzoic acid is essential as a growth factor has stimulated extensive research in the field of antagonists of this essential metabolite. and Woods and Fildes (1940) reported that yeast contained a substance, identified as p-aminobenzoic acid, that could protect it against the growth inhibiting action of sulfanilamide. Youmans et al. (1947) reported the tuberculostatic action of p-aminosalicylic acid for virulent strains of the human type tubercle bacilli, and their results indicated that this action was, at least in part, due to anti-p-aminobenzoic acid activity. Davis (1951) and Davis and Maas (1952) reported that both p-aminobenzoic acid and p-hydroxybenzoic acid were essential for growth of certain strains of Escherichia coli, and that p-nitrobenzoic acid competitively interfered with the utilization of these metabolites.
In addition to functioning as a growth factor, p-aminobenzoic acid may also serve as an oxidizable substrate for certain microorganisms (Durham, 1956 ). This paper is concerned with the effect of known antimetabolites and other structurally related compounds on the oxidative metabolism of p-aminobenzoic acid by Pseudomonas fluorescens.
MATERIALS AND METHODS
A strain of P. fluorescens capable of oxidizing p-aminobenzoic acid was used throughout the experimentation. Cells for manometric studies were grown on a synthetic medium and harvested as previously described (Durham, 1956) . All respirometer experiments were performed in the Warburg apparatus (Umbreit et al., 1945) at a temperature of 30 C with air as the gas phase.
Since Cells grown on p-aminobenzoic acid show the formation of adaptive enzymes for p-nitrobenzoic acid and salicylic acid. In experiments using these compounds the cells were exposed to a 15-watt GE germicidal lamp for 2 min prior to respirometer studies to prevent the formation of the adaptive enzymes. Appropriate controls were run concurrentlv with the reaction flask to eliminate the possibility that some of the 02 uptake might have been due to the oxidation of either p-nitrobenzoic acid or salicylic acid.
The ratio of concentration of inhibitor/substrate was used in analyzing these experimental data. In all experiments the basic concentration unit was 1 ,umole. The data presented have been taken from one of several duplicate experiments.
RESULTS
Evidence that p-aminosalicyclic acid may be a competitive inhibitor. The oxidation of p-aminobenzoic acid by cells grown on this substrate proceeds rapidly. The addition of p-aminosalicylic acid to the flasks resulted in a definite inhibition of 02 uptake. This inhibition became more pronounced as the ratio of inhibitor/ substrate was increased. Figure 1 shows the typical results from one of several experiments. As can be seen, there appears to be very little difference in 02 uptake when the ratio is 1/1
(1 j,mole p-aminosalicylic acid/i ,umole p-aminobenzoic acid); however, as the ratio is increased to 3/1, 5/1, 7/1, and 9/1, the delay in 02 uptake becomes much more pronounced. The total 02 uptake was the same in all flasks, indicating that p-aminosalicylic acid affected only the rate at which p-aminobenzoic acid was oxidized and not the extent of oxidation. The results indicate that this might be a competitive type of inhibition; thus, the substrate, if the concentration is high enough, should be able to displace the inhibitor. DURHAM when 9 Amoles of p-aminosalicylic acid were present in the flasks. However, this small degree of inhibition is insufficient to account for the pronounced effect of p-aminosalicylic acid on the oxidation of p-aminobenzoic acid. Controls were run simultaneously and the cells were unable to oxidize p-aminosalicylic acid as a source of energy (figure 2).
Effect of other test compounds. Several other compounds were tested to determine if they affected the oxidation of p-aminobenzoic acid. These included sulfanilamide and p-nitrobenzoic acid, which have been reported to antagonize p-aminobenzoic acid when functioning as a growth factor. The results indicate that in the maximum ratio of 57/1, sulfanilamide, 2,4-dihydroxybenzoic acid, and o-nitrobenzoic acid exert no significant effect on the oxidation of p-aminobenzoic acid. Salicylic acid, p-nitrobenzoic acid, and anthranilic acid were ineffective in a ratio of 38/1. These compounds were also tested for an effect on succinate oxidation, but no significant inhibition was observed. The organism was also incapable of oxidizing the compounds tested with the exception of the formation of adaptive enzymes for p-nitrobenzoic acid and salicylic acid. As stated under Methods, the cells were irradiated with ultraviolet light to prevent the formation of the adaptive enzymes when these compounds were studied.
DISCUSSION
Several structurally related compounds were tested for an effect on the oxidation of p-aminobenzoic acid by P. fluorescens. Of three compounds previously reported to be antagonistic to p-aminobenzoic acid when functioning as a growth factor, e. g., p-aminosalicylic acid (Youmans et al., 1947) , p-nitrobenzoic acid (Davis, 1951; Davis and Maas, 1952) , and sulfanilamide Woods and Fildes, 1940) , only p-aminosalicylic acid exerted an effect on the oxidative metabolism.
The inhibition by p-aminosalicylic acid appears to be competitive since p-aminobenzoic acid is oxidized to the same extent in the presence or absence of p-aminosalicylic acid and the inhibitor can be displaced by increasing the substrate concentration. Thus it appears that p-aminosalicylic acid may function not only as an antimetabolite when p-aminobenzoic acid is required as a growth factor, but also competes for an enzyme which functions in the oxidation of p-aminobenzoic acid.
The preliminary studies indicate that for a compound to be capable of inhibiting the oxidation of p-aminobenzoic acid, it must have essentially the same configuration, e. g., the carboxyl of the first carbon and the amino group of the fourth carbon, such as found in p-aminosalicylic acid. The substitution of a sulfonamide group for the carboxyl group (sulfanilamide) or the presence of a hydroxy group on the second carbon (salicylic acid) showed no inhibition. The substitution of a hydroxy group for the amino group in addition to having a hydroxy group on the second carbon (2,4-dihydroxybenzoic acid) was also ineffective. Other studies indicated that the substitution of a nitro group for the amino group (p-nitrobenzoic acid) or the presence of a nitro or amino group in the ortho position (o-nitrobenzoic acid and anthranilic acid) exhibited no effect on p-aminobenzoic acid oxidation.
SUMMARY
Several compounds were tested to determine if they influenced the oxidation of p-aminobenzoic acid by Pseudomonas fluorescens.
The oxidation of p-aminobenzoic acid was inhibited by p-aminosalicylic acid. This inhibition appears to be competitive, since the inhibitor can be displaced by increasing the substrate concentration and the total 02 uptake was the same in the presence or absence of p-aminosalicylic acid.
Additional compounds such as sulfanilamide, p-nitrobenzoic acid, 2,4-dihydroxybenzoic acid, o-nitrobenzoic acid, salicylic acid, and anthranilic acid showed no effect on the oxidation of p-aminobenzoic acid in the ratios tested.
